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Transition metal-based Laves phases have high strength and good creep resistance which make them potential 
candidates for high-temperature applications. On the other hand, they exhibit pronounced brittleness at low 
temperature. Due to their brittleness, the difficulty of producing sufficiently large and flaw-less bulk samples for 
conventional mechanical testing limits the study of their mechanical properties. Therefore, today there is only 
very little knowledge on their mechanical behavior and their deformation mechanism. The existing literature 
indicates that the mechanical properties of transition metal-based Laves phases significantly depend on their 
composition. The underlying mechanism is not yet understood. 
Laves phases with AB2 stoichiometry may have three structure types, cubic C15 (MgCu2-type), hexagonal C14 
(MgZn2-type) and hexagonal C36 (MgNi2-type). All three types of Laves phases exist as stable phases in the 
Co-Nb system and the C15-NbCo2 Laves phase has a large composition range of 26.0±0.5 − 35.3±0.3 at.% Nb. 
It makes the NbCo2 Laves phases a perfect candidate to study not only the deformation behavior of transition 
metal-based Laves phases but also the influence of composition and crystal structure on their strength. To 
circumvent the difficulties in preparing large flaw-less samples, we grew the NbCo2 Laves phases with diffusion 
couples and studied their mechanical properties by micropillar compression tests. After proper heat treatment, 
extended diffusion layers of the three NbCo2 Laves phases with coarse grains were obtained. As there are 
concentration gradients in the diffusion layers, micropillars with different compositions can be obtained by 
focused ion beam (FIB) milling at selected positions in the diffusion layers. 
In order to study the size effect on the yield strength, a series of micropillars with different top diameter ranging 
from 0.8 to 5 µm were cut in the diffusion layers by FIB. In-situ micropillar compression tests were performed 
inside an SEM chamber. Due to lack of dislocation sources, they show linear increases of stress with strain 
followed by rapid strain bursts or even fracture. However, the slip traces on the pillar surface indicate they have 
experienced plastic deformation. In some cases, when dislocation sources are already present in the large 
pillars, they yield and show plastic flow at lower stress. Overall, as the pillar size increases the critical resolved 
shear stress decreases. 
In order to study the effect of composition and crystal structure on the critical resolved shear stress, a set of 
micropillars with 3 µm in top diameter and different compositions were cut by FIB in the diffusion layers. 
Micropillars with compositions of 24 and 36 at. % Nb are C36- and C14-NbCo2 Laves phase, respectively. The 
others are C15-NbCo2 Laves phase. After deformation, electron back-scatter diffraction (EBSD) and high-
resolution scanning electron microscopy were used to identify the activated slip systems. TEM studies with 
specimens prepared from deformed micropillars by the lift-out technique were performed. The deformation 
mechanism of the hexagonal and cubic NbCo2 Laves phase and the effect of orientation, composition and 
crystal structure will be discussed in the presentation.  
 
 
Figure 1 SEM image of a representative single-phase 
C15-NbCo2 Laves phase micropillar with 5 µm in top 
diameter after deformation 
